W hile myelomeningocele and gastroschisis on their own are not uncommon pathologies encountered in neonatal care, their concurrent presentation is exceedingly rare. Gastroschisis, a right-sided, full-thickness defect of the anterior abdominal wall without a membrane, in which the bowel is in contact with amniotic fluid, occurs in approximately 1/4000 live births.
sure of the gastroschisis. He was positioned supine with a custom donut pillow. The myelomeningocele was covered with petroleum dressing and sterile gauze and suspended within the donut to avoid pressure on the neural placode. The abdomen was carefully inspected, and the majority of intestinal viscus was noted to be extraperitoneal. The abdomen was prepared and draped in sterile fashion, and the bowel was carefully dissected and reduced into the peritoneum, without changes in peak inspiratory or mean airway pressures. The fascia was left open, and the skin was closed with interrupted vertical mattress sutures.
On the 2nd day of life, the patient was brought back to the operating room for neurosurgical closure of the myelomeningocele. He was positioned prone with the chest and abdomen supported by gel rolls with care to avoid pressure on the abdominal surgical wound. The myelomeningocele was repaired in the typical fashion, including imbrication of the placode, a primary dural closure, and a multilayered soft-tissue closure. This occurred without complication.
The following day, total parental nutrition was initiated. An echocardiogram demonstrated a small patent ductus arteriosus with right-to-left shunting, and a small atrial right-to-left shunt, with normal ventricular function and no evidence of ventricular septal deficits. A CT scan of the head without contrast obtained the same day revealed moderate, symmetric ventriculomegaly. On the 5th day of life, a ventriculoatrial CSF shunt was inserted for the treatment of hydrocephalus due to a rapidly increasing head circumference and clinical signs of raised intracranial pressure. The peritoneum was avoided in the context of the recent surgery. Shunt placement was complicated by a left temporal intraparenchymal hemorrhage diagnosed on routine postoperative head CT scanning the next day, attributed to rapid intracranial decompression. Serial radiographic surveillance with ultrasound demonstrated progressive resolution of the hematoma, but clinical seizure activity was observed on the 8th day of life. Phenobarbital was initiated, and findings of routine electroencephalography on the 9th day of life were normal. The patient was transitioned to enteral feeding on the 15th day of life, and discharged from the neonatal ICU on the 28th day of life, feeding well without supplemental nutrition.
Case 2
This male infant was born at 36 3/7 weeks to a 29-yearold G4P3 mother via spontaneous rupture of the membranes and subsequent vaginal delivery. The child had prenatal diagnoses of gastroschisis, myelomeningocele, and Chiari II malformation with ventriculomegaly by ultrasound and fetal MRI (Fig. 1 ). There had been a plan for induction of labor at 38 weeks, but the mother presented to the hospital in preterm labor and progressed to delivery. Aside from the mother testing positive for group B Streptococcus, which was treated shortly after delivery, there were no significant maternal risk factors. The baby was born at 3360 g weight (75%), 47 cm length (40%), and 31 cm occipitofrontal circumference (14%). The patient's Apgar scores were 1 at 1 minute, 3 at 5 minutes, and 5 at 10 minutes. Because of respiratory distress, the infant required intubation and mechanical ventilation at 12 minutes of life.
On examination, the child had a large defect in the anterior abdominal wall with proximal bowel dilation, although it was pink throughout (Fig. 2) . The child also had a 6 × 6-cm ruptured lumbosacral myelomeningocele. Other than weak hip flexion, the lower extremities were flaccid. Empirical ampicillin and gentamycin were initiated, hydration according to a gastroschisis protocol was begun, and a moist sterile covering was applied to the myelomeningocele. On the 1st day of life, the infant was brought to the operating room for an uncomplicated primary closure of the gastroschisis. The gastroschisis was closed in a similar fashion to that in case 1, with the exception being that there was a primary fascial closure in addition to skin closure. Prior to this operation, the child was carefully positioned in a custom donut pillow with the myelomeningocele suspended within the donut. To allow for adequate antibiotic coverage and recovery, the myelomeningocele repair was deferred until the following day. In the interim, a head ultrasound showed no evidence of ventriculomegaly.
On the 2nd day of life, the infant was taken to the operating room for repair of the myelomeningocele. The myelomeningocele was closed in typical fashion, with imbrication of the placode, an inlay synthetic dural patch graft, and a multilayered soft-tissue closure. Postoperative MRI demonstrated mild ventricular enlargement and a Chiari II malformation, without evidence of syringomyelia. The child recovered well from both surgeries, was extubated, was able to tolerate enteral feeding by day 9 of life, and was discharged from the hospital 15 days after birth with- out further complications. During the hospitalization, biweekly ultrasound studies failed to reveal significant ventricular enlargement, and the head growth velocity was not abnormal. On last follow-up at 3 months of age, the patient has an L-4 functional level with weakness in dorsiflexion and plantar flexion. He undergoes catheterization intermittently and requires an aggressive bowel regimen. His head circumferences have followed expected growth curves, and imaging has failed to reveal a significant increase in ventricular size. He has not required a shunt.
Discussion
Myelomeningocele and gastroschisis result from failure of closure of the neuroectodermal and endodermal tubes, respectively.
14 While concurrent existence of these 2 anomalies is rare, it has been described before.
6,15 Little has been described as to the potential etiology of these intersecting problems. In this report, we attempt to begin to answer this question through whole-exome sequencing of one of the affected patients.
The patient whose blood was obtained for wholeexome analysis (case 2) presented with myelomeningocele with ventriculomegaly, Chiari II malformation, gastroschisis, and atrial septal defect. Whole-exome sequencing of the patient identified homozygous mutations in FAM171B and ABCA1 and a hemizygous (X-linked) mutation in COL4A5 (Table 1) . COL4A5, a type IV collagen within the basement membrane, is thought to play a role in lamination and axonal connectivity in the developing brain.
18 COL4A5 mutations have been linked with Alport syndrome, a genetic disorder characterized by hearing impairment, ocular defects, and progressive glomerulonephritis leading to renal failure.
10
FAM171B is an uncharacterized protein with unknown function. One group of authors has reported a mutant mouse with gastroschisis harboring a mutation in Slit3 and an additional point mutation in Fam171A1, a related family member that has 35% amino acid similarity to FAM171B. 11 In addition to gastroschisis, this mutant mouse presented with double-outlet right ventricle with an atrioventricular septal defect, ventricular septal defects, and ventricular noncompaction (http://www.informatics. jax.org/allele/key/842100).
ABCA1, ATP-binding cassette transporter 1, is a cholesterol transporter and is associated with Tangier syndrome and familial high-density lipoprotein deficiency, 2 disorders characterized by reduced or deficient high-density lipoprotein cholesterol. ABCA1 also has been shown to play a role in maternal-fetal cholesterol transfer, a process disrupted in Smith-Lemli-Opitz syndrome, a genetic disorder characterized by multiple congenital abnormalities due to disruption of sonic hedgehog (Shh) signaling. 4, 8 Significantly, the disruption of Shh signaling is also well described to play a role in the pathophysiology of neural tube defects, 13 VACTERL association, 9, 17 and recently also implicated in ventral body wall closure defects, including omphalocele. 5, 7, 12 In vivo, amniotic fluid and serum levels of Shh are linked to neural tube defects. 16 We therefore speculate that the predicted splicing mutation in ABCA1 could perturb Shh signaling relate to the intersecting failure of closure of the ventral wall and neural tube.
Gastroschisis with myelomeningocele is an uncommon clinical entity, although one that may provide insights into underlying genetic anomalies associated with them. In one of our cases, whole-exome sequencing identified potential mutations that might have resulted in the clinical entities observed here. Interestingly, the anomalies do not appear to be linked to folate demethylation, a surprising finding given the presumed etiology of spinal dysraphism. ABCA1, known to be involved in Shh signaling, may account for neural tube and ventral abdominal wall defects. FAM171B, a protein for which the function still has not been demonstrated, has a related protein (FAM171A1) shown to be involved in gastroschisis and cardiac anomalies in laboratory animals. Future work will focus on understanding the role of these proteins in vivo and in vitro with regard to the pathophysiology of neural tube and ventral wall defects. 
